Variations in body composition
INTRODUCTION
Many factors are relevant in determining the success of a soccer player and the requirements for high-level play are multifactorial (27) . Over recent years, researchers have identified certain anthropometric and fitness characteristics that predispose certain players towards success in soccer (5, 14, 30 ). In addition, there are anthropometric and fitness predispositions for the different playing positions within soccer. Significant differences in a variety of anthropometric characteristics, most notably stature and body mass have previously been reported across soccer players suggesting that these variables denote a morphological optimization within soccer and that anthropometric measurement of players should therefore be an integral part of a performance profiling programme (9, 27) .
The physical composition of the body (body fat, mass and fat-free mass) is also relevant in the preparation of players for competitive performance. It is an important component of fitness as excess adipose tissue acts as dead weight in common game activities such as running and jumping where body mass must be lifted repeatedly against gravity (25) . It is also recognised that body fat levels affect energy expenditure, players' power to weight ratio, and acceleration capacity (12) . The functional performance characteristics of soccer players are therefore influenced by differences in body size and composition (33) . Consequently, observations obtained through the evaluation of athletic performance should take these factors into account. In addition, the physical composition of the body is influenced by training and the balance between energy intake and expenditure is therefore of interest to practitioners (4) . In periods of inactivity such as the off-season, non-selection or when a player is injured, body composition may be adversely affected. 5 The measurement of body composition in elite soccer players has received widespread attention especially with respect to playing positions and to the description of changes across the playing season. For example, research has shown variations in estimated body fat and body mass across playing positions with the highest values generally found in goalkeepers (26, 27) . However, analysis of competitive performance suggests that training and fitness testing should be tailored specifically to individual positional role (e.g., separation between central and lateral midfielders) rather than simply differentiating between forward, midfield and defending positional groups as each positional role has its own unique physical demands (3) . Surprisingly, this recommendation has not been followed in reports of body composition in soccer players.
Variations in body composition
Previous studies having examined the seasonal effects on body composition include investigations on professional English (7, 10, 36, 37) , Japanese (15), Spanish (6) Singapore (1) and Turkish (18) players. The results from these studies have reported significant changes at different points across the season although several investigations only provided measurements at the beginning and end of the season. This weakness is apparent as significant differences in body composition have been reported between the off-season, pre-season conditioning and competition periods in top-level Serbian players with variations closely associated with changes in functional performance (23) .
In addition, there are no studies of intra-season variations in body composition that have distinguished across the various playing positions and the effects of exposure time (time spent in training and competition) on measures is unknown. Finally, little information is available on season-to-season variations in body composition (35) . 6 In this study on variations in body composition in senior professional soccer players, several questions were addressed: First, do measures of body composition 8 To ensure standardisation of test administration across the entire study period, testing was scheduled at the same time of day using the same apparatus. Body composition was assessed between 0800 and 1200 hours with the athletes presenting in a fasted state. All test procedures over the entire study period were undertaken by the same experienced physician specialised in sports medicine.

Body composition
Body composition measurements were obtained using portable measurement devices and standardised laboratory procedures. Calibrated precision weighing scales (Holtain, Instruments Ltd, Crymych, United Kingdom) were used to obtain body mass to the nearest 0.1 kg (32) . Skinfold thicknesses provide an indication of fatness located in subcutaneous storage areas and can be used to monitor changes in peripheral fat stores over time (22) . As this is the most accessible method for obtaining data on body composition in soccer players (26) , skinfolds were measured at four sites using a Insert Figure 1 about here.
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Intra-season variation in body composition Further investigation of the dataset showed that the largest loss in estimated body fat (-0.3%) was between October-November whereas the largest loss in body mass (-0.3kg) and in fat-free mass (-0.5kg) was between January-February and May-June respectively. The largest gain in estimated body fat (+0.3%) was between May-June whereas the largest gain in body mass (+0.6kg) and fat-free mass (+0.5kg) was between February-March.
Insert Table 1 Variations in body composition 16 No significant inter-seasonal differences in estimated body fat or fat-free mass were observed suggesting that body composition profiles in the present players did not vary from one season to the next. In contrast, analyses of body composition in Japanese youth players reported significant differences in estimated body fat and fat-free mass across two seasons (35) . According to Koutedakis (17) availability between test-to-test measurements tend to compromise repeated observations of body composition and fitness in elite soccer (7). To our knowledge, this is the first study to have reported repeated observations of body composition in players belonging to a top-class European soccer club over three entire competitive seasons.
However, further research on a larger sample of players may be necessary to support the present findings.
There were two major weaknesses of the present study design. 
